
New Knowledge AboutHGH
THE PAST DECADE has witnessed an explosion of
new knowledge concerning the structure, secre-

tion and function of human growth hormone
(HGH). During this short time, HGH was purified
and shown to be effective in the treatment of hy-
popituitary dwarfism; a specific HGH immunoassay
was developed, leading to a rapid increase in our

knowledge concerning the regulation of growth
hormone secretion and providing a specific test
for the diagnosis of growth hormone deficiency
and hypersecretion; the primary amino acid se-

quence of the HGH molecule was determined, and
within the past year this complex peptide hor-
mone was synthesized.
Elsewhere in this issue, VanderLaan has re-

viewed the control of growth hormone secretion
in man. It is apparent that the regulation of
growth hormone secretion and the mechanisms of
HGH action are quite complex. As with the other
pituitary hormones, the secretion of HGH appears

to be regulated by a specific hypothalamic releas-
ing factor or hormone (GRF or cRH).' Although the
purification of GRF and determirnation of its struc-
ture have not yet been accomplished, it is likely
that GRF will prove to be a short peptide molecule,
similar to thyrotropin releasing factor (irw) and
melanocyte stimulating hormone inhibiting factor
(MIF).2 The numerous stimuli for HGH secretion,
both chemical and neuronai, appear to act on the
hypothalamus, releasing GRF into the hypothala-
mic-hypophyseal portal veins, which then stimu-
lates HGH release from the pituitary gland. The
physiological regulation of HGH secretion, how-
ever, has still not been completely unraveled.
VanderLaan has reviewed the various pharmaco-
logical and stressful stimuli of HGH secretion, as

well as the recent experiments which have dem-
onstrated a spontaneous peak in plasma HGH con-
centrations following the onset of sleep. Recent
evidence also suggests that growth hormone can
regulate its own secretion by means of an auto-
feedback system. The plasma HGH response to
both insulin-induced hypoglycemia and arginine
infusion are markedly attenuated following in-
creases in the plasma concentration of HGH (for
example, following exercise) or following exoge-
nous HGH administration." Complete understand-
ing of the normal daily regulation of HGH secre-
tion however, will require the development of
techniques which can monitor HGH secretion rates
over long periods of normal activity; a promising
method has recently been described by Kowar-
ski et al.O
The mechanisms of action of HGH on the periph-

eral tissues are also quite complex. Aside from
its obvious role in the stimulation of growth and
protein synthesis, HGH appears to play an impor-
tant part in the daily regulation of fat and carbo-
hydrate metabolism.6 HGH is an important stimu-
lus of lipolysis, elevating plasma free fatty acid
concentrations; it directly augments the pancre-
atic secretion of in'sulin and antagonizes the pe-
ripheral effects of insulin on glucose uptake. Most
of these metabolic effects appear to be secondary
to the direct action of HGH on HNA and protein syn-
thesis. The effects of HGH on cartilage mnetabolism
and bone growth, hdwever, appear to be indirect,
involving the participation of a secondary hor-
monal mediator.7 Salmon and Daughaday8 dem-
onstrated that serum from normal individuals
contains a hormonal substance which stimulates
sulfate uptake in cartilage; they named this ma-
terial "sulfation factor" (SF). Sulfation factor is
deficient inl the serum of hypopituitary persons,
but can be induced within 24 to 48 hours by
treating them with HGH. Addition of HGH to hypo-
pituitary serum in vitro, however, does not induce
sulfation factor activity. Furthermore, hypophy-
sectomized rat cartilage removes sulfation factor
activity from serum in vitro, but has little HGH-
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binding activity.7 Thus HGH appears to induce
the generation of sulfation factor (probably in the
liver), which in turn stimulates cartilage anabo-
lism and replication. Daughaday7 has suggested
that the intermittent and irregular pattern of HGH
secretion would be a poor system for the regula-
tion of orderly cell growth; the sulfation factor
system may have evolved to integrate the net
effect of multiple HGH peaks, thus providing a
modulated system for the regulation of bone
growth.

Disorders of HGH secretion have long been rec-
ognized: acromegaly and gigantism resulting from
excessive HGH secretion, and proportionate dwarf-
ism from HGH. deficiency. VatiderLaan has re-
viewed the complexity of the hypothalamic and
pituitary abnormalities in the etiology of acro-
megaly. It is now aparent that pituitary dwarf-
ism is a heterogeneous group of disorders which
result from disturbances in all parts of the hypo-
thalamic-hypophyseal-target organ complex.9 A
clinical syndrome of pituitary insufficiency might
theoretically result from developmental or degen-
erative diseases of the hypothalamus, deficiency
of hypothalmic releasing hormones, develop-
mental or degenerative lesions of the pituitary,
deficient secretion or structural abnormalities of
the pituitary hormone molecule, or by target or-
gan unresponsiveness to hormonal action. Exam-
ples of most of these mechanisms have been docu-
mented in the pathogenesis of pituitary dwarfism.9
Hypothalamic abnormalities associated with HGH
deficiency have been described in association with
the holoprosencephaly syndromes,'0 anenceph-
alyll and septo-optic dysplasia.12 HGH deficiency
secondary to degenerative hypothalamic destruc-
tion has been described in histiocytosis X.13 Con-
genital absence of the pituitary'4 and degenerative
lesions of the pituitary (for example, hemochro-
matosis15) have been found to result in HGH de-
ficiency. Target organ unresponsiveness to the
actions of HGH appears to be the cause of the Afri-
can pygmies' short stature;"' whereas in Laron
type of dwarfs the basic defect appears to involve
either an inability to generate sulfation factor, or
a structural mutation in the HGH molecule.'7
Among the idiopathic forms of pituitary dwarf-

ism, several mechanisms are likely, including a
deficiency or structural defect in either GRc or the
HGH molecule itself. Costom, Grumbach and Kap-
lan18 recently demonstrated that the primary de-
fect in many panhypopituitary dwarfs lies in the

hypothalamus rather than the pituitary. They
found that eight of nine hypopituitary dwarfs
tested had a normal TSH response to exogenously
administered TRF, indicating that the primary
cause of their hypothyroidism was a deficiency
of TRF. It is thus likely that their $GH deficiency
is also due to deficient GRF secretion. The major
implication of this important observation is that
GRF may provide a practical substitute forHGH
in the treatment of many patients with pituitary
dwarfism. GRF appears to be a small peptide and
should be more applicable to commercial synthe-
sis than the large HGH molecule. Patients with
isolated growth hormone deficiency could have a
deficiency or structural abnormality of either GRF
or HGH. The recessive inheritance of this disease
suggests that it is probably secondary to a struc-
tural mutation which produces an altered func-
tionally inert peptide hormone. Purification and
synthesis of GRF should provide a sensitive test to
determine whether the primary defect lies in the
hypothalamus or pituitary in these patients. In
those forms of pituitary dwarfism associated with
a primary hypothalamic lesion GRF administra-
tion may well turn out to be the treatment of
choice. Purified or synthetic preparations of HGH,
however, will still be required for the treatment
of those forms of pituitary dwarfism associated
with a primary pituitary defect or a structural ab-
normality in the HGH molecule.
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United or Separate?
THE REAL ISSUE IN THE POLL of the membership
which is to be begun September 1 is whether
organized medicine in California will remain
united or will separate, with many individuals
and groups going different ways. There are
those who will contend that this is not the case
and that all that is at stake is one more expres-
sion of opinion in support of voluntarism as
against compulsion, this time over the question
of whether a physician exercises enough free
choice when he joins or does not join his county
medical association, knowing that in doing.so he
also joins the California Medical Association and
the American Medical Association, or whether
this free choice should now be extended to give
him the further option of. joining or not joining
the CMA and AMA. The question to be posed
to the membership-"Do you favor or oppose
retaining the present system of unified member-
ship in your county society, CMA and AMA?"-
addresses itself to the real question.
These are times of revolutionary change. We

have only to look around us to sense the enormity
of what is occurring. Many, if not most, of what
are generally thought of as the stabilizing ele-
ments of a social system are being seriously
eroded, if they are not actually crumbling. This
is apparent in the law and courts, in the educa-
tional system, in respect for the military and the
police, and in the authority of the churches, to

cite a few pieces of the evidence. It is no longer
possible to oppose or prevent this revolution. We
are engulfed in it. Its hallmark so far has been
fragmentation of the old order with little to pro-
pose for the new. The problems to be resolved
are human problems and the needs to be met are
human needs. Health and well-being are among
the goals which are being sought. Medicine
should take part in developing some of the new
solutions. The question to be decided is how can
medicine best play its role-united, or separate
and fragmented?
Do not the issues of "voluntary" and "compul-

sory" seem somehow beside the point in the face
of social revolution and cultural fragmentation?
Everyone knows how physicians feel about free
choice and compulsion. It has been voted on
many times and in many ways. And it is a mat-
ter of record that both CMA and AMA have
worked for voluntarism and against compulsion
for as long as anyone can remember, and quite
successfully too. Is this not a time to close ranks
and not to scatter, to be united and not to sep-
arate? We should all favor retaining the present
system of unified membership in county society,
CMA and AMA.

Dealing in Futures
Part II-In Democratic

Societies

A PREVIOUS EDITORIAL expressed the view that
California and the country as a whole were in-
vesting in medical research and education as
though only for today's market when actually
they are dealing in futures-that is, spending
money which has to be spent or invested today
in order to buy or produce a product which can
only be delivered at a later time when presum-
ably it will be needed. The purpose of this edi-
torial is to draw attention to a characteristic of
democratic societies, be they institutions, organi-
This is Part I1 of an editorial to be published in three parts. Part I

appeared in the July issue, and Part III will be published in the
September issue.
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